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(57) ABSTRACT

A vehicle brake system having a hydraulically actuable disc
brake device which has an electromechanical actuating
device for activating a parking brake function, wherein the
vehicle brake system has a hydraulic circuit with a hydraulic
pressure source and actuable hydraulic functional elements,
in order to hydraulically actuate the disc brake device in
accordance with a service brake action of a driver or an
automatic activation of a driving assistance system, wherein,
furthermore, the vehicle brake system has a control device, in
order to actuate the electromechanical actuating device in
accordance with a parking brake action of the driver or an
automatic activation of the parking brake function. In order to
avoid abrupt release of the parking brake function, it is pro-
vided here that the control device is configured for actuating
atleast one of the hydraulic functional elements in such a way
that, in order to release the parking brake function, a hydraulic
fluid volume is isolated in the disc brake device by actuation
of the electromechanical actuating device and the hydraulic
fluid volume can be used to generate a predefined hydraulic
pressure hydraulically during the release of the parking brake
function by the electromechanical actuating device.

9 Claims, 4 Drawing Sheets
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VEHICLE BRAKE SYSTEM FOR A MOTOR
VEHICLE AND METHOD FOR ACTUATING
THE VEHICLE BRAKE SYSTEM DURING
RELEASE OF THE PARKING BRAKE
FUNCTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage of International Appli-
cation No. PCT/EP2011/003389 filed Jul. 7, 2011, the dis-
closures of which are incorporated herein by reference in
entirety, and which claimed priority to German Patent Appli-
cation No. DE 10 2010 033 273.9 filed Aug. 3, 2010, the
disclosures of which are incorporated herein by reference in
entirety.

BACKGROUND OF THE INVENTION

The present invention relates to a vehicle brake system with
a hydraulically controllable disc brake device, which has an
electromechanical actuating device for activating a parking
brake function, the vehicle brake system having a hydraulic
circuit with a hydraulic pressure source, as well as control-
lable hydraulic function elements, in order to hydraulically
control the disc brake device in accordance with a service
brake action of a driver or an automatic activation, the vehicle
brake system further having a control device, in order to
control the electromechanical actuating device in accordance
with a parking brake action of the driver or an automatic
activation of the parking brake function. The invention fur-
thermore relates to a method for controlling a parking brake
system of the kind described above.

Vehicle brake systems are known in diverse forms from the
prior art. Specifically, the document DE 10 2005 051 082A1,
and corresponding U.S. Pat. No. 8,322,495B2, both of which
are incorporated by reference herein in entirety, describes a
vehicle brake system with a disc brake designed as a floating-
caliper disc brake. In this system, a friction pad arrangement
with two opposite friction pads on either side of a brake disc
is provided. One friction pad lies against a floating caliper,
whereas the other friction pad can be hydraulically displaced
relative to the floating caliper via an actuating piston. As a
result of a hydraulic charging of an actuating piston, the
movable brake pad is displaced onto the brake disc. The brake
pad fixed to the floating caliper is drawn in a manner known
per se, via the floating-caliper function, from the other side
against the brake disk, so that a braking force acts on the brake
disc on both sides.

In addition to this floating-caliper function which has been
known for a long time, however, this prior art moreover also
provides an electromechanical actuating device. This device
is used to perform a parking brake function. With correspond-
ing control, besides the hydraulic displacement, the disc
brake can also be electromechanically actuated as well. The
electromechanical actuating device is usually provided with
self-locking, so that when the parking brake function has been
activated and the brake tensioned, the system remains in the
parking brake state and is not independently released there-
from. This ensures that this state is maintained after parking
the vehicle and when the parking brake is activated. To release
the parking brake function, the self-locking must then be
overcome.

However, it has been found that on releasing the parking
brake function, problems may arise if the self-locking is to be
overcome by means of the electromechanical actuating
device. This is due to the fact that the parking brake function
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is released jerkily or suddenly when the required actuating
force for overcoming the self-locking is reached or exceeded.
This is felt by the driver as abrupt releasing of the parking
brake, which may be felt as a loss of comfort during starting
processes, in particular when the starting process takes place
downhill. In the event of an abrupt release of the parking
brake, there results a correspondingly high acceleration,
which is intensified by the downhill force. In order to avoid
this, the driver would have to intervene with an active braking
process.

BRIEF SUMMARY OF THE INVENTION

It is a feature of the present invention to provide a disc
brake device of the kind described at the outset, in which an
abrupt release of the parking brake function can be effectively
prevented.

This feature is achieved by a disc brake of the kind
described at the outset, in which it is provided that the control
device is adapted to control at least one of the hydraulic
function elements in such a way that, in order to release the
parking brake function by controlling the electromechanical
actuating device, a hydraulic fluid volume present in the disc
brake devices can be hydraulically isolated or locked in to
generate a predetermined hydraulic pressure during the
release of the parking brake function by means of the elec-
tromechanical actuating device.

According to the invention, it is thus provided that the
hydraulic fluid volume present in the hydraulic circuit or in
the disc brake devices is isolated before the release of the
parking brake function. On the release of the parking brake
function by activating the electromechanical actuating
device, the volume in the disc brake device is reduced, with
the result that a certain hydraulic pressure is built up. Thus, if
on the release of the parking brake function, a sufficiently
large actuating force is produced so that the self-locking is
overcome, the parking brake is initially released until the
actuating piston of the disc brake device is so to speak cush-
ioned by the prevailing hydraulic pressure in the disc brake
device. This means that the disc brake device cannot be
abruptly fully released when the self-locking is overcome, but
rather is still maintained in a hydraulically tensioned state
owing to the prevailing hydraulic pressure which is deter-
mined by the isolated or locked-in hydraulic fluid volume. If
the isolated (locked-in) hydraulic fluid volume is then freed
stepwise, continuously or in a regulated manner with the aid
of a specific characteristic curve, the parking brake function
can be gently released, which ultimately avoids abrupt pro-
cesses. If the driver, for example, starts downhill, this gentle
release of the parking brake function can prevent the vehicle
from accelerating abruptly.

According to the invention, it may be provided that the
hydraulic circuit has a plurality of controllable valves, in
order to selectively build up hydraulic pressure in individual
disc brake devices of the vehicle brake system according to
the above description, on the release of the parking brake
function, by isolating the hydraulic fluid volume. Customar-
ily, the valves are controlled in the context of service braking
in accordance with the set values of a slip control system. In
this connection, according to the invention it may be provided
that the valves are controllable via the control device in such
a way that only those disc brake devices of the vehicle brake
system which are designed with a mechanical actuating
device can be hydraulically isolated. These are generally the
disc brake devices at the rear wheels.

As already indicated above, it is possible according to the
invention for the control device to be formed with a slip
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control function. In this case, it may be provided that the
hydraulic volume can be isolated by means of at least one
valve assigned to the slip control function. The valve may, for
example, be a brake circuit shut-off valve or an ABS inlet
valve of a slip control system.

The invention furthermore relates to a method for control-
ling a vehicle brake system to release a parking brake function
of'the kind described above, comprising the following steps:

detecting a command to release an activated parking brake

function,

isolating a hydraulic fluid volume present in the disc brake

devices by controlling the hydraulic circuit in order to
exert a hydraulic pressure in the disc brake devices on
the release of the parking brake function,

activating the electromagnetic actuating device to release

the parking brake function and

freeing the hydraulic fluid volume.

In this method according to the invention, it may be pro-
vided that the freeing of the hydraulic fluid volume is carried
out in accordance with a preset or variable gradient. The
gradient may, for example, be stored in the electronic control
device of the vehicle or of the vehicle brake system. However,
it may also be a variable gradient or a family of characteristics
which determines the profile of the freeing of the hydraulic
fluid volume depending on the current operating situation.
Specifically, the freeing of the hydraulic fluid volume may
take place over a longer or shorter period of time and with a
linear, progressive or degressive profile.

In this connection, it may be provided in the method
according to the invention that the gradient is adjustable in
accordance with certain parameters, in particular based on
parameters representing the starting process. Specifically, it
may be provided that the parameters comprise current values
or/and the time profile of the actuation of the accelerator pedal
or/and of the actuation of the clutch or/and of the rotational
speed of the drive motor or/and of the torque of the drive
motor or/and of the inclination of the road.

Other advantages of this invention will become apparent to
those skilled in the art from the following detailed description
of the preferred embodiments, when read in light of the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a circuit diagram of a vehicle brake sys-
tem according to the invention, showing schematically a disc
brake device for a front wheel and a disc brake device for a
rear wheel;

FIG. 2 illustrates a partially sectioned detail view of the
disc brake device for the rear wheel according to FIG. 1 with
corresponding parking brake device;

FIG. 3 illustrates the circuit diagram according to FIG. 1 in
the case of a control for releasing the parking bake function
after feeding in hydraulic fluid; and

FIG. 4 illustrates a graph for explaining the functioning of
the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows schematically a circuit diagram for a vehicle
brake system 100 according to the invention. This system
comprises a pressure source 102 which is formed with a brake
booster 104, a reservoir 106, a brake master cylinder 108 and
a brake pedal 110 actuable by the driver. The pressure source
102 is hydraulically coupled to a hydraulic brake circuit 112.
This circuit has a motor-controllable pump 114, as well as a
pressure accumulator 116. Furthermore, two disc brake
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devices, namely a disc brake device 10 for a rear wheel and a
disc brake device 11 for a front wheel, can be seen.

Valves 118,120,122, 124, controllable via a control device
(not shown), are assigned to each of the disc brake devices 10,
11. Furthermore, inlet valves 126 and 128, which enable the
hydraulic brake circuit 112 to be hydraulically decoupled
from the pressure source 102 actuable by the driver, can also
be seen.

With regard to the service brake function, the schemati-
cally shown vehicle brake system 100 operates in a manner
known per se. The control device (not shown) furthermore
provides a slip control function, in orderto be able to carry out
antilock control (ABS), traction control (TCS), driving
dynamics control (ESP) and automatic braking, e.g. for adap-
tive speed control (ACC).

In the following, for a better understanding, the structure of
the disc brake device 10 at the rear wheel is discussed in
detail.

FIG. 2 illustrates the disc brake device 10 according to the
invention in a partial sectional view. This device comprises a
brake caliper 12 which is supported in a floating manner in
customary fashion via a brake carrier (not shown) and
straddles a brake disc 14 coupled in a rotationally fixed man-
nerto avehicle wheel. In the brake caliper 12 there is provided
a brake pad arrangement having a brake pad 16 lying against
the brake caliper 12 and a brake pad 18 lying against an
actuating piston 22. The two brake pads 16 and 18 face one
another and, in the release position shown in FIG. 2, are
arranged with a small clearance on both sides of the brake disc
14, so that no appreciable residual friction torques occur. The
movable brake pad 18 is arranged, via a brake pad carrier 20,
on an actuating piston 22 for joint movement. The actuating
piston 22 is displaceably mounted in a cylindrical hollow
space 24 in the brake caliper 12. In the region of this hollow
space 24 near the brake disc, there is provided an encircling
receiving groove 26, in which an annular sealing element 28
is received.

It can furthermore be seen that the actuating piston 22 is
provided, at its end on the left in FIG. 2 and facing the brake
disc 14, with an encircling bellows 30 which prevents dirt
from penetrating into the region between the actuating piston
22 and the encircling wall defining the receiving hollow space
24 of the brake caliper 12.

In FIG. 2 it can furthermore be seen that the actuating
piston 22 is of hollow form. A thrust piece 32 of an electro-
mechanical actuating arrangement 34 is received in this pis-
ton. The electromechanical actuating arrangement 34 com-
prises a drive assembly 36 with an electric motor and a gear
arrangement. An output shaft 38 of this drive assembly 36
drives a drive spindle 42 which is supported via an axial
bearing 40 and is threadingly received in a threaded recep-
tacle 44 of the thrust piece 32.

The thrust piece 32 has, in its region on the left in FIG. 2
and facing the brake disc 14, a conical section 46 which can be
brought into abutment with a complementarily conical inner
surface 48 of the actuating piston 22. In the release position
shown in FIG. 2, there is a clearance between the two conical
surfaces 46 and 48.

If the brake is now hydraulically actuated by the driver via
the brake pedal or automatically via a driving assistance sys-
tem (e.g. ACC or hill-hold with hill-start or hill-descent aid)
or a safety system (e.g. ESP), a hydraulic pressure is built up
in the hollow space 24 in a manner known per se, so that the
actuating piston 22 is displaced along the longitudinal axis A
towards the left in FIG. 1. Subsequently, the brake pad 18 is
pressed onto the brake disc 14 by the floating-caliper arrange-
ment in a manner known per se and at the same time the brake
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pad 16, by corresponding displacement of the brake caliper
12 on the other side of the brake disc 14, is drawn against the
latter.

By charging the interior space 24 with hydraulic fluid
under pressure, the actuating piston 22 is displaced along the
longitudinal axis A towards the left in FIG. 2, so that a braking
action results. Under the pressure present and through the
movement of the actuating piston 22, the radially outer seal-
ing element 28 is deformed elastically into the region of a
bevel-shaped recess 29.

If, for example by releasing the brake pedal or deactivation
of'the driving assistance or safety system, the hydraulic pres-
sure in the interior space 24 of the brake caliper 12 is now
reduced, the sealing element 28 is able to elastically relax
again and assume its initial shape corresponding to FIG. 1.
This means that, in the course of its elastic relaxation, it
withdraws the actuating piston 22 again from the actuating
position owing to the mutual frictional contact and thus sets
the disc brake device into its initial state. This corresponds to
the roll-back function known per se, which is obtained in
conventional brakes via the outer seal 28 at the outer circum-
ference of the actuating piston 22.

With regard to an activation of the parking brake function,
two cases are to be distinguished: If there is no hydraulic
pressure present in the interior 24 of the disc brake device 10
and biasing the actuating piston 22, according to the invention
only the electromechanical actuating device 34 is controlled
to activate the parking brake function. If, however, ahydraulic
pressure is applied to the disc brake device 10 and biases the
actuating piston 22, for example because a driver has
depressed the brake pedal before activation of the parking
brake function or automatic braking has been performed, then
the pressure state prevailing in the interior space 24 due to
service braking is utilised to activate the parking brake func-
tion.

In this regard, the electromechanical actuating device 24 is
controlled. Under the effect of the electromechanical actuat-
ing device 24, the thrust piece 32 is displaced forwards until
the clearance is used up and the conical surface 46 abuts
against the corresponding conical surface 48 in the interior of
the actuating piston 22. The result of this that the actuating
piston 22 is axially supported on the housing of the brake
caliper 12 via the thrust piece 32 and the axial bearing 40. The
thrust piece 32 then moves the actuating piston 22 further
forwards, in order to achieve the desired parking brake action.

The parking brake state is maintained owing to the position
of the thrust piece 44 and the self-locking (for example by a
self-locking gear between spindle 42 and receptacle 44). The
brake pads 16, 18 pressing against the brake disc 14 are
supported via the thrust piece 32.

If the parking brake state is now to be released again, the
electromechanical actuating device 34 which is in the self-
locking state is controlled. The processes for releasing the
parking brake state are shown in detail in FIG. 4 with the aid
of curves, the curve K, (dotted line) representing the tension
force generated by the electromechanical actuating device,
the curve K, (dot-dash line) representing the tension force
generated by isolating hydraulic fluid and the curve K,
(dashed line) representing the total tension force currently
present.

As shown in FIG. 4, at the instant T, by activation of the
electromechanical actuating device 34 to release the parking
brake function according to curve K,, a hydraulic fluid vol-
ume is isolated in the interior space 24, in which the brake
circuit shut-off valve 128 is shut off, as illustrated in FIG. 3.
As a result, the prevailing hydraulic pressure in the interior
space 24 is initially maintained. If the electromechanical
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actuating device 34 is now further controlled, the latter
reaches at the instant T, an actuating force which overcomes
the aforementioned self-locking. Subsequently, the release of
the parking brake function occurs.

As soon as the self-locking is overcome, the system tends
to be released relatively quickly under the effect of the elec-
tromechanical actuating device 34. However, with the inven-
tion, no undesirably intense or abrupt release process occurs,
because the actuating piston 22 is prevented from an abrupt
return movement by the hydraulic pressure prevailing in the
interior space 24. It is so to speak cushioned by the hydraulic
fluid volume locked in the interior space 24 and the prevailing
hydraulic pressure, as shown by the profile of the curve K. In
other words, the hydraulic fluid can initially be locked in
(isolated) by closing the brake circuit shut-off valve 128
(TC-Is0). Optionally, the inlet valve 124 (ABS-Iso) assigned
to the disc brake device 11 can also be closed, as illustrated in
FIG. 3. The parking brake action is therefore to a certain
degree hydraulically maintained despite release of the self-
locking. It is then possible, from the instant T, to reduce the
hydraulically maintained parking brake function more or less
quickly depending on the current operation situations. For
this purpose, the brake circuit shut-off valve 128 (TC shut-off
valve) can be controlled in accordance with a preset or vari-
able characteristic curve and correspondingly opened. In
accordance with the opening, the locked-in hydraulic fluid is
freed and hence the prevailing hydraulic pressure reduced,
until at the instant T, no more braking force is applied. The
characteristic curve may be altered with the aid of certain
current parameters, such as, for example, the current value or
the profile of an actuation of the accelerator pedal or/and of
the clutch or/and of the brake pedal. Further parameters may
be: the current rotational speed or current torque of the drive
motor or also the inclination of the road.

As aresult, it is possible to adapt the release of the parking
brake function to the current operating state. It is thus pos-
sible, for example in an uphill starting process, for the parking
brake to be released substantially more quickly than in a
downhill starting process. This characteristic can still be
altered by the driving behaviour, for example depending on
how strongly the driver depresses the accelerator pedal or
how quickly he releases the clutch.

In accordance with the provisions of the patent statutes, the
principle and mode of operation of this invention have been
explained and illustrated in its preferred embodiments. How-
ever, it must be understood that this invention may be prac-
ticed otherwise than as specifically explained and illustrated
without departing from its spirit or scope.

The invention claimed is:

1. A vehicle brake system with a hydraulically controllable
disc brake device, which has an electromechanical actuating
device for activating a parking brake function, the vehicle
brake system having a hydraulic circuit with a hydraulic
pressure source, as well as controllable hydraulic function
elements, in order to hydraulically control the disc brake
device in accordance with a service brake action of a driver or
an automatic activation, the vehicle brake system further hav-
ing a control device, in order to control the electromechanical
actuating device in accordance with a parking brake action of
the driver or an automatic activation of the parking brake
function,

wherein the control device is adapted to control at least one

of the hydraulic function elements in such a way that, in
order to release the parking brake function by control-
ling the electromechanical actuating device, a hydraulic
fluid volume present in the disc brake device can be
hydraulically isolated to generate a predetermined
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hydraulic pressure during the release of the parking
brake function by means of the electromechanical actu-
ating device and wherein the freeing of the hydraulic
fluid is carried out in accordance with a gradient,
wherein the gradient is adjusted in accordance with cer-
tain parameters based on the parameters representing a
starting process.

2. The vehicle brake system according to claim 1,

wherein the hydraulic circuit has a plurality of controllable

valves, in order to selectively charge individual disc
brake devices of the vehicle brake system with hydraulic
pressure or to hydraulically isolate the disc brake
devices.

3. The vehicle brake system according to claim 2,

wherein the valves are controllable via the control device in

such a way that only those disc brake devices of the
vehicle brake system which are designed with the elec-
tromechanical actuating device can be hydraulically iso-
lated.

4. The vehicle brake system according to claim 2,

wherein the hydraulic fluid volume can be isolated by

means of at least one valve assigned to the slip control
function.

5. The vehicle brake system according to claim 1,

wherein the control device is formed with a slip control

function.

6. The vehicle brake system according to claim 1,

wherein the hydraulic circuit has a plurality of controllable

valves, in order to selectively charge individual disc
brake devices of the vehicle brake system with hydraulic
pressure or hydraulically isolate the disc brake devices,
and wherein the control device is formed with a slip
control function.

7. A method for controlling a vehicle brake system with a
hydraulically controllable disc brake device, which has an
electromechanical actuating device for activating a parking
brake function, the vehicle brake system having a hydraulic
circuit with a hydraulic pressure source, as well as control-
lable hydraulic function elements, in order to hydraulically
control the disc brake device in accordance with a service
brake action of a driver or an automatic activation, the vehicle
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brake system further having a control device, in order to
control the electromechanical actuating device in accordance
with a parking brake action of the driver or an automatic
activation of the parking brake function,
wherein the control device is adapted to control at least one
of the hydraulic function elements in such a way that, in
order to release the parking brake function by control-
ling the electromechanical actuating device, a hydraulic
fluid volume present in the disc brake device can be
hydraulically isolated to generate a predetermined
hydraulic pressure during the release of the parking
brake function by means of the electromechanical actu-
ating deviceto release a parking brake function compris-
ing the following steps:
detecting a command to release an activated parking
brake function,
isolating a hydraulic fluid volume present in the disc
brake device by controlling the hydraulic circuit in
order to exert a hydraulic pressure in the disc brake
device on the release of the parking brake function,
activating the electromechanical actuating device to
release the parking brake function,
freeing the hydraulic fluid volume, wherein the freeing
of'the hydraulic fluid is carried out in accordance with
a gradient, and
adjusting the gradient in accordance with certain param-
eters based on the parameters representing a starting
process.
8. The method according to claim 7,
wherein the parameters comprise current values or a time
profile of an actuation of an accelerator pedal or of an
actuation of a clutch or of a rotational speed of a drive
motor or of a torque of the drive motor or of an inclina-
tion of the road.
9. The method according to claim 7,
wherein the parameters comprise current values and a time
profile of an actuation of an accelerator pedal and of an
actuation of a clutch and of a rotational speed of a drive
motor and of a torque of the drive motor and of an
inclination of the road.
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